The BBH (bucket with a bottom hole) model of soil hydrology with seven parameters is an improved version of the original bucket model with two parameters (Manabe, 1969 holes, worm channels, etc., whose physical properties differ enormously from the surrounding soil matrix. Therefore, soil hydrological processes under field conditions are very complicated and it seems difficult to conduct an analysis of water movement in field soils with the flow equations based on the Buckingham-Darcy law unless by assuming oversimplified conditions. However, not a few models of soil hydrology adopt such means, and hence their effectiveness should be tested using in situ data before they will be accepted.
Vinnikov and Yeserkepova (1991) compared a dataset of soil moisture in the upper 1-m soil layer at sites covered with natural plant in the former Soviet Union with simulations obtained using simple water balance models including a simple bucket model, and showed large discrepancies between simulations and observations. Robock et al. (1995) where t indicates the day, P, is the daily precipitation, E the daily evaporation (including transpiration), Gd the daily gravity drainage (positive) or capillary rise (negative) and RS the daily surface runoff. Each term on the right-hand side of Eq.
(1) denotes the integrated value over a day in millimeters. Although the diurnal variation of each term could be observed in situ by some methods, it is beyond the ability of this simple lumped where u is the 24-hour wind run in kilometers per day measured at height 2m (1.9m in this study).
The other is the evaporation pan method, and the daily pan evaporation is regarded as the daily potential evaporation, though it is in general a little larger than the evaporation from actual open water. (6) are also shown in the figure. As can be seen, a spell of rainy weather started on 17 June and there is reason to believe that the monsoon season set in about that time. The atmospheric conditions after the set-in were definitely different from before it (Tanaka et al., 2001 ). In the pre-monsoon season, the second term of the Penman equation, or the drying power term, was much larger than the first term, or the net radiation term. As the monsoon season progressed, however, the converse became true as in a maritime climate (de Bruin and Keijman, 1979 ) and the Penman evaporation decreased gradually. On the other hand, the pan evaporation changed considerably from day to day and was much larger than the Penman evaporation when the drying power term was larger than or nearly equal to the net radiation term. However, as the drying power term decreased to less than the net radiation term, the pan evaporation came close to the Penman evaporation. These results suggest that the pan evaporation is strongly influenced by saturation deficit and wind speed than by net radiation. Furthermore, the daily pan evaporation is not in phase with the daily Penman evaporation, a possible reason for which should be the definition of a day. The daily pan evaporation of a particular day is the evaporation integrated over 24-hour period beginning at 1000BST of the day, while a day is defined as 24-hour period from midnight for the other variables. A comparison of the results for the two definitions, however, showed that their effect was too small to account for the phenomenon. Therefore, this is thought to be due to the features inherent in both the techniques. We will use the daily pan evaporation as the daily potential evaporation in this analysis because they were taken through the observation period, while the Penman evaporation was not determined for a part of the period. It should be considered in the following discussion, however, that the Penman evaporation was roughly 0.7 of the pan evaporation and also not in phase with it.
Soil moisture
Physical properties of the soil at Amdo Station are shown in Table 2 , which were determined by indoor experiment on the field soil transported from the site to Kyushu University, Japan. Fig. 3 shows the data on soil moisture obtained in the grassland during this observation period. Fig. 4 shows those obtained in the experimental patch of bare soil. Furthermore, all the data on soil moisture are given in Table 3 . As described above, when soil moisture measurements were made a hole was dug in the ground apart enough from the used ones. Therefore, the change in the soil moisture profile seems to reflect mainly the spatial variability of soil moisture, because the changes are so large that no other explanation can be offered for them. Volumetric soil water contents below about 20cm depth in the grassland show a spatial variation wider than above the depth and range from about 7% to 11%, which corresponds to the range of pF-value between about 3 and 4 Table 2 Physical properties of the soil at Amdo
Station of GAME-Tibet project (Table 2 ). It is clear that the top 10cm of the profile was too dry to supply moisture to the grass.
As a result, its roots extend inevitably down to depths of 20 to 30cm in this grassland area. On the other hand, in the experimental patch of bare soil, a dry surface layer of soil (DSL) of several centimeters thickness was formed. It can be seen that the wetness in the layer increased after the set-in of the rainy season. 
